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METHOD OF IMPROVING VISUAL
PROCESSING, VISUAL ACUITY, OR BOTH
BY ADMINISTERING COMPOSITIONS
COMPRISING RRR-ALPHA-TOCOPHEROL
AND CAROTENOID TO INFANTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. national stage entry of Inter-
national Application No. PCT/US2015/062667/, filed Nov.
25, 20135, which claims priority to and any benefit of U.S.
Provisional Application No. 62/084,326 filed Nov. 25, 2014,
the contents of which are incorporated herein by reference in
thelt entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates to methods of improving,
the visual processing, visual acuity, or both 1n infants, by
administering to the infants compositions comprising RRR -
alpha-tocopherol, also sometimes called “natural Vitamin
E,” and, 1n some embodiments, a carotenoid. The present
disclosure also relates to methods of 1improving the devel-
opment of visual processing, visual acuity, or both 1n an
infant. The method increases the preferential accumulation
of RRR-alpha-tocopherol in the occipital cortex of the
infant’s brain. The method also reduces the accumulation of
non-RRR-alpha-tocopherol stereoisomers in the occipital
cortex of the mnfant’s brain.

BACKGROUND OF THE INVENTION

Vitamin E 1s an antioxidant that 1s essential for develop-
ment of the nervous system. The term “Vitamin E” encom-
passes many classes of chemicals, and the type of Vitamin
E best absorbed by humans 1s alpha-tocopherol. Eight dis-
tinct stereoisomers of alpha tocopherol exist, but the only
form of alpha-tocopherol found in nature 1s RRR-alpha-
tocopherol. In comparison, synthetic alpha-tocopherol 1s
made of essentially equal amounts of all eight stereoisomers.
It 1s known that the sterecoisomers of alpha-tocopherol
differ in their bioavailability, with RRR-alpha-tocopherol
being the most bioavailable form. It 1s also known that, in
certain species (e.g., rat), the brain also preferably selects
and absorbs RRR-alpha-tocopherol as compared to the
seven other stereoisomers.

SUMMARY OF THE DISCLOSURE

Some embodiments of the present disclosure are directed
to methods of improving the visual processing of a healthy
infant, the method comprising admimstering a nutritional
composition comprising RRR-alpha-tocopherol and a caro-
tenoid to the infant.

Some embodiments of the present disclosure are directed
to methods of improving the visual acuity of a healthy
infant, the method comprising administering a nutritional
composition comprising RRR-alpha-tocopherol and a caro-
tenoid to the infant.

Some embodiments of the present disclosure are directed
to methods of improving the visual processing of a healthy
infant, the method comprising admimstering a nutritional
composition comprising RRR-alpha-tocopherol to the
infant.

Some embodiments of the present disclosure are directed
to methods of improving the wvisual acuity of a healthy
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infant, the method comprising administering a nutritional
composition comprising RRR-alpha-tocopherol to the
infant.

Some embodiments of the present disclosure are directed
to methods of improving the development of visual process-
ing, visual acuity, or both 1n an 1nfant, the method compris-
ing administering a nutritional composition comprising
RRR-alpha-tocopherol to the infant.

Some embodiments of the present disclosure are directed
to methods of improving the development of visual process-
ing, visual acuity, or both in a fetus, the method comprising
administering a nutritional composition comprising RRR-
alpha-tocopherol to a pregnant woman. Some embodiments
of the present disclosure are directed to methods of improv-
ing the development of visual processing, visual acuity, or
both 1n a breastieeding infant, the method comprising
administering RRR-alpha-tocopherol to the infant through
the breastmilk of a lactating woman by administering a
nutritional composition comprising RRR-alpha-tocopherol
to the lactating woman. In accordance with embodiments
disclosed herein, the nutritional composition adminmistered to
the pregnant woman or lactating woman may further com-
prise a carotenoid.

Some embodiments of the present disclosure are directed
to nutritional compositions administered to an infant for use
in 1improving the visual processing of the infant, the nutri-
tional compositions comprising RRR-alpha-tocopherol and
a carotenoid.

Some embodiments of the present disclosure are directed
to nutritional compositions administered to an infant for use
in 1mproving the visual acuity of the infant, the nutritional
compositions comprising RRR-alpha-tocopherol and a caro-
tenoid.

Some embodiments of the present disclosure are directed
to nutritional compositions administered to an infant for use
in 1improving the visual processing of the infant, the nutri-
tional compositions comprising RRR-alpha-tocopherol and
a carotenoid.

Some embodiments of the present disclosure are directed
to nutritional compositions administered to an infant for use
in 1mproving the visual acuity of the infant, the nutritional
compositions comprising RRR-alpha-tocopherol.

Some embodiments of the present disclosure are directed
to nutritional compositions administered to an infant for use
in 1mproving the development of visual processing, visual
acuity, or both i1n the infant, the nutritional compositions
comprising RRR-alpha-tocopherol.

Some embodiments of the present disclosure are directed
to the use of a nutritional composition in the manufacture of
a medicament for use 1n improving the visual processing of
an 1nfant, the nutritional composition comprising RRR-
alpha-tocopherol and a carotenoid.

Some embodiments of the present disclosure are directed
to the use of a nutritional composition 1n the manufacture of
a medicament for use 1n 1improving the visual acuity of an
infant, the nutritional composition comprising RRR-alpha-
tocopherol and a carotenoid.

Some embodiments of the present disclosure are directed
to the use of a nutritional composition in the manufacture of
a medicament for use 1 1improving the visual processing of
an 1nfant, the nutritional composition comprising RRR-
alpha-tocopherol.

Some embodiments of the present disclosure are directed
to the use of a nutritional composition in the manufacture of
a medicament for use 1 1mproving the visual acuity of an
infant, the nutritional composition comprising RRR-alpha-
tocopherol.
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Some embodiments of the present disclosure are directed
to the use of a nutritional composition in the manufacture of
a medicament for use 1 1mproving the development of
visual processing, visual acuity, or both 1n an infant, the
nutritional composition comprising RRR-alpha-tocopherol.

The nutritional composition administered to the infant
may be a nutritional product including but not limited to an
infant nutritional formula or a vitamin supplement. The
infant may be a premature infant. The infant may be a
tull-term infant. The mnfant may not have an ocular disease.
The nutritional composition administered to the pregnant
woman or lactating woman may be a nutritional product
including but not limited to a nutritional food product or a
vitamin supplement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the chemical structure of the tocopherol
family.

FIG. 2 1s a series of graphs showing the concentration of
total alpha-tocopherol and RRR-alpha-tocopherol 1n various
arcas ol infant brain tissues as the infants age.

FIG. 3 1s a series of graphs showing the percentage of
25-alpha-tocopherol in various areas of infant brain tissues,
grouped as also containing either high or low concentrations
ol [-carotene.

FIG. 4 1s a series of graphs showing the percentage of
2S-alpha-tocopherol 1n various areas of infant brain tissues,
grouped as also containing either high or low concentrations
ol zeaxanthin.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

L1

While embodiments encompassing the general inventive
concepts may take diverse forms, various embodiments will
be described herein, with the understanding that the present
disclosure 1s to be considered merely exemplary, and the
general mventive concepts are not mtended to be limited to
the disclosed embodiments.

Vitamin E 1s essential for development, and deficiency
disrupts the central nervous system resulting in neurological
disorders. The term “Vitamin E” can encompass two classes
of chemicals, tocopherols and tocotrienols. The form of
Vitamin E that 1s best absorbed by humans 1s alpha-tocoph-
erol, and hence the terms “Vitamin E” and ““alpha-tocoph-
erol” are oiften used interchangeably in medical and non-
technical communications.

Alpha-tocopherol 1s a nutrient found 1n many vegetable
oils such as sunflower oi1l, safflower oil, and olive oil.
Alpha-tocopherol 1s also found 1n seeds, nuts, and some
vegetables such as spinach. Alpha-tocopherol has three
chiral carbons 1n 1ts chemical structure, which create three
centers of asymmetry. This means that eight stereoisomers
exist, which are chemically the same but structurally and
biologically somewhat different. Natural alpha-tocopherol,
as found in foods, 1s a single stereoisomer, RRR-alpha-
tocopherol. However, when alpha-tocopherol 1s syntheti-
cally produced, the manufacturing methods do not prefer-
entially form any specific stereoisomer. Instead, synthetic
alpha-tocopherol contains substantially equal amounts of all
cight stereoisomers, only one ol which 1s RRR-alpha-to-
copherol. In 100 g of synthetic alpha-tocopherol, each
stereo1somer constitutes about 12.5 g of the total. Because it
1s made up of all eight stereoisomers, synthetic alpha-
tocopherol 1s also known as “‘racemic-" or all-rac-alpha-
tocopherol.
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It 1s known that the stereoisomers of alpha-tocopherol
differ in their bioavailability, with RRR-alpha-tocopherol
being the most bioavailable form. RRR-alpha-tocopherol 1s
preferentially transferred trom the liver into very-low-den-
sity lipoproteins (VLDL), and then into plasma and red
blood cells. Other organs, such as the brain, also preferen-
tially absorb the RRR-alpha-tocopherol stereoisomer over
the other stereoisomers 1n all-rac-alpha-tocopherol. Hence,
RRR-alpha-tocopherol 1s more bioavailable and biologically
active than the other stereoisomers because certain meta-
bolic systems of the human body preferentially absorb
RRR-alpha-tocopherol over the non-RRR-alpha-tocopherol
stereo1somers.

It 1s also known that rodent brain exerts additional selec-
tivity for RRR-alpha-tocopherol as compared to non-RRR-
alpha-tocopherol. However, it has been unclear 11 selectivity
ol alpha-tocopherol stereoisomers occurs 1n human infant
brains. The inventors have unexpectedly discovered that
RRR-alpha-tocopherol 1s preferentially accumulated in the
brain of infants, and specifically 1n the occipital cortex of
infants. This area of the brain 1s the area of the brain
important for processing visual information. The preferen-
tial accumulation of RRR-alpha-tocopherol 1n the occipital
cortex 1s thought to be important to the development of
visual processing, visual acuity, or both 1n an infant. The
preferential accumulation of RRR-alpha-tocopherol in the
occipital cortex 1s also thought to be important to supporting
visual processing, visual acuity, or both in an infant.

The mventors have also unexpectedly discovered that
carotenoids selectively reduce the accumulation of non-
RRR-alpha-tocopherol in the occipital cortex of infants’
brains, but not 1n other areas of the brain, such as the frontal
cortex or hippocampus.

By administering an infant a nutritional composition
comprising RRR-alpha-tocopherol (instead of all-rac-alpha-
tocopherol) and a carotenoid, the concentration of RRR-
alpha-tocopherol in the occipital cortex of the infant’s
developing brain 1s enhanced and the concentration of
non-RRR-alpha-tocopherol i1s reduced. By enhancing the
concentration of RRR-alpha-tocopherol and reducing the
concentration of non-RRR-alpha-tocopherol in the occipital
cortex of an infant’s brain, 1t 1s thought that the visual
processing, visual acuity, or both in the infant can be
improved. By enhancing the concentration of RRR-alpha-
tocopherol 1n the occipital cortex of an 1nfant’s brain, 1t 1s
thought that the development of the visual processing, visual
acuity, or both 1s enhanced 1n the infant.

These and other elements or limitations of the nutritional
compositions and methods of making them are described 1n
turther detail below.

For the purpose of the present disclosure, the following
terms are defined:

The term “infant” as used herein refers to human babies
between birth and about 18 months of age.

The term “nutritional composition™ refers to the compo-
nents or ingredients used 1n a product that 1s consumed to
provide nutrients (e.g., vitamins, pro-vitamins, minerals,
macronutrients, etc.). A nutritional composition includes but
1s not limited to the active ingredients (e.g., RRR-alpha-
tocopherol and carotenoid), flavors, colorants, and excipi-
ents such as carrier oils or inert solids. In some embodi-
ments, the nutritional composition may include
macronutrients (e.g., protein, carbohydrate, or fat) or other
optional ingredients (e.g., vitamins or minerals), as dis-
cussed below.

The term “infant nutritional composition” as used herein
refers to nutritional products ingested by an infant. In some
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embodiments, the infant nutritional compositions of the
present disclosure are infant nutritional formulas.

The terms “improve” and “improving” as used herein
refer to providing an adequate source of RRR-alpha-tocoph-
erol and, 1n certain exemplary embodiments, a carotenoid to
an 1nfant, to allow the proper development of the functions
of visual processing, visual acuity, or both 1n the occipital
cortex of the infant.

The term “visual processing” as used herein refers to how
the brain interprets visual information, 1.e., the sequence of
steps the brain takes to recognize, identily, and give meaning
to visual information.

The term ““visual acuity” as used herein refers to the
clanity of vision, 1.e., how well the eye, retina, optic nerve,
and occipital cortex transmit and receive visual information
into the brain.

The term “RRR-alpha-tocopherol,” which 1s sometimes
referred to as “natural Vitamin E,” 1s used to refer to the
stereo1somer of alpha-tocopherol which 1s found naturally 1n
toods. RRR-alpha-tocopherol comprises about 12.5% of the
alpha-tocopherol found in all-rac-alpha-tocopherol. RRR-
alpha-tocopherol may come from natural or synthetic
sources.

The term “non-RRR-alpha-tocopherol” as used herein
refers to any or all of the seven stereoisomers of alpha-
tocopherol that are not RRR-alpha-tocopherol. Specifically,
non-RRR-alpha-tocopherol includes any one of, any com-
bination of, or all of the alpha-tocopherol sterecoisomers
RRS-alpha-tocopherol, RSR-alpha-tocopherol, RSS-alpha-
tocopherol, SRR-alpha-tocopherol, SRS-alpha-tocopherol,
SSR-alpha-tocopherol, and SSS-alpha-tocopherol.

The term “2S-alpha-tocopherol” as used herein refers to
any or all of the four stereoisomers of alpha-tocopherol that
have an “S” stereocenter carbon at the 2 position on the
chroman ring. Specifically, 25-alpha-tocopherol includes
any one of, any combination of, or all of the alpha-tocoph-
erol stereoisomers SRR-alpha-tocopherol, SRS-alpha-to-
copherol, SSR-alpha-tocopherol, and SSS-alpha-tocopherol.
The 2S5-alpha-tocopherol stereoisomers are found only 1n
synthetic Vitamin E.

The term ““all-rac-alpha-tocopherol,” which 1s sometimes
referred to as “synthetic Vitamin E.,” 1s used to refer to a
blend of all eight stereoisomers of alpha-tocopherol in
substantially equimolar amounts, 1.e., each stereoisomer
comprises about 12.5% of the total amount of alpha-tocoph-
erol.

The term “carotenoid” as used herein refers to any chemi-
cal 1n a class of organic pigments that are tetraterpenoids.
Examples of carotenoids include a-carotene, p-carotene,
v-carotene, lycopene, lutein, zeaxanthin, astaxanthin,
a.-cryptoxanthin, f3-cryptoxanthin, and similar chemicals.

The terms “tissue” or “body tissue” as used herein refer to
the organs and fluids contained within or generated by the
human body. Tissues include, but are not limited to, organs
such as the brain, central nervous system, liver, gastrointes-
tinal tract, and body fluid such as blood and lymph.

The term “bioavailable” or “bioavailability” as used
herein, unless otherwise specified, refers to the amount of a
nutrient made available to target tissues 1n the human body
through the systemic circulation 1n the body. In this context,
the term “biocavailable” or “bioavailability” may specifically
refer to the ability of a nutrient to transier from the digestive
tract into the lymphatic system or bloodstream of an 1ndi-
vidual and then into the organs and tissues of the body. As
the degree of bicavailability of a nutrient increases, the
nutrient becomes more likely to enter nto and remain 1n the
lymphatic system or bloodstream where 1t can be absorbed
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and used by the organs and tissues of the body. As the degree
of bioavailability of a nutrient decreases, the nutrient
becomes more likely to be excreted from the body before
entering the lymphatic system or bloodstream.

The term “‘capsule™ as used herein refers to a dosage
clement used to deliver a predetermined amount of a nutri-
tional composition to a recipient, wherein the capsule com-
prises a shell surrounding and containing the nutritional
composition. Capsules include, but are not limited to, hard
gelatin capsules, starch capsules, cellulose-based capsules,
and softgel capsules.

The term “tablet” as used herein refers to a dosage
clement used to deliver a predetermined amount of a nutri-
tional composition to a recipient, wherein the tablet 1s a
compressed solid mixture comprising the nutritional com-
position and, typically, a solid excipient such as starch or
sugar. The tablet 1s of an approprniate size and shape to be
casily swallowed by the recipient. The tablet may be swal-
lowed whole or, where appropnate, may be swallowed after
being chewed by the recipient.

The term “chewable soft gel” as used herein refers to a
dosage element used to deliver a predetermined amount of
a nutritional composition to a recipient, wherein the chew-
able soft gel comprises the nutritional composition con-
tained within a gummy gelatin or gelatin-like matrix. The
chewable soit gel typically has a pleasant flavor and 1is
designed to be chewed before being swallowed by the
recipient.

The term “syrup” as used herein refers to a dosage
clement used to deliver a predetermined amount of a nutri-
tional composition to a recipient, wherein the syrup com-
prises the nutritional composition in an aqueous liquid
solution, suspension, or emulsion.

The term “elixir” as used herein refers to a dosage element
used to deliver a predetermined amount of a nutritional
composition to a recipient, wherein the elixir comprises the
nutritional composition 1n an ethanol-based liquid solution,
suspension, or emulsion.

All percentages, parts, and ratios as used herein are by
weight of the total composition, unless otherwise specified.
All such weights as they pertain to listed ingredients are
based on the active level, and therefore do not include
solvents or by-products that may be included 1n commer-
cially available materials, unless otherwise specified.

All references to singular characteristics or limitations of
the present disclosure shall include the corresponding plural
characteristic or limitation, and vice versa, unless otherwise
specified or clearly implied to the contrary by the context in
which the reference 1s made.

The various embodiments of the nutritional compositions
of the present disclosure may also be substantially free of
any optional or selected essential ingredient or feature
described herein, provided that the remaining composition
still contains all of the required ingredients or features as
described herein. In this context, and unless otherwise
specified, the term “‘substantially free” means that the
selected compositions contain less than a functional amount
of the optional ingredient, typically less than 0.1% by
weilght, and also includes zero percent by weight of such
optional or selected essential ingredient.

The nutritional compositions and corresponding manu-
facturing methods of the present disclosure can comprise,
consist of, or consist essentially of the essential elements of
the disclosure as described herein, as well as any additional
or optional element described herein or which 1s otherwise
usetul 1n nutritional composition applications.
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To the extent that the terms ““includes,” “including,”
“contains,” or “containing”’ are used in the specification or
the claims, they are intended to be inclusive 1n a manner
similar to the term “comprising” as that term 1s 1nterpreted
when employed as a transitional word in a claim. Further-
more, to the extent that the term “or” 1s employed (e.g., A or
B) 1t 1s intended to mean “A or B or both.” When the
applicants intend to indicate “only A or B but not both” then
the term “only A or B but not both” will be employed. Thus,
use of the term “or” herein i1s the inclusive, and not the
exclusive use. Also, to the extent that the terms “in” or “into”
are used 1n the specification or the claims, 1t 1s mntended to
additionally mean *“‘on” or “onto.”

Tocopherols

Tocopherols are a family of related chemicals comprising,
a chroman ring and a phytyl tail, conforming to the chemical
structure shown 1n FIG. 1.

Tocopherols are available in four forms, alpha, beta,
gamma, and delta, which differ in the number and position
of the methyl (*Me”) groups on the chroman ring (see Table
1 below). Alpha-tocopherol i1s the tocopherol most com-
monly referred to as “Vitamin E,” and 1s the best known and
most studied of the tocopherol family. However, the beta,
gamma, and delta forms of tocopherol may also provide
Vitamin E-type properties in the human body, and the
American diet actually contains more gamma-tocopherol
than alpha-tocopherol.

TABLE 1
Compound R, R, R;
alpha-tocopherol Me Me Me
beta-tocopherol Me H Me
gamma-tocopherol H Me Me
delta-tocopherol H H Me

Tocopherols can exist in a number of stereoisomeric
forms because of the three chiral carbons in the molecular
structure, marked 1n FIG. 1 by asterisks (**”). Each chiral
carbon has two possible configurations, R or S, so the
presence of three chiral carbons means that there are eight
distinct stereoisomers (RRR, SSS, RSR, SRS, etc.) of the
tocopherol molecule. Natural Vitamin E 1s a single stereoi-
somer, RRR-alpha-tocopherol, whereas synthetic vitamin E
(all-rac-alpha-tocopherol) 1s an equumolar mixture of all
cight 1somers, only one of which 1s RRR-alpha tocopherol.
As previously discussed, RRR-alpha-tocopherol has the
greatest biological activity of the stereoisomers, and 1is
reported to be the dominant form of alpha-tocopherol 1n the
brain.

Tocopherols are powertul antioxidants which scavenge
reactive oxygen species and free radicals before these oxi-
dants can cause damage in living cells. Tocopherols are
particularly useful since they are lipophilic and therefore can
protect the fatty structures of a cell, such as the cell wall,
from oxidative damage. As discussed above, alpha-tocoph-
erol 1s thought to prevent or lessen many medical and
biological problems associated with oxidative stress. During
pregnancy, oxidative stress and damage are associated with
problems such as low birth weight and preterm delivery. In
addition to 1ts antioxidant properties, alpha-tocopherol 1is
thought to reduce intflammation and enhance the release of
prostacyclin in the mother. Prostacyclin inhibits platelet
aggregation and increases vasodilation, thereby regulating
both the blood tlow between the placenta and fetus and the
blood tlow within the fetus. Increasing maternal blood flow
also increases the nutrient supply to the fetus, leading to
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proper fetal growth. Inadequate levels of prostacyclin can
lead to vasoconstriction, which may contribute to preec-
lampsia 1 the mother and inadequate blood flow and
nutrient supply to the fetus.

Tocopherols are prone to reaction and degradation over
time, particularly when punfied and stored long-term.
Tocopherol esters are more stable for long-term storage, and
so tocopherols used 1n nutritional compositions and to
fortify processed foods are often in the form of tocopherol
acetate or tocopherol succinate. Once ingested, however,
tocopherol esters are quickly converted back to free tocoph-
crol 1n the digestive tract.

It has long been known that the stereoisomers of alpha-
tocopherol differ in their biological activity, with RRR-
alpha-tocopherol being the most biologically active form.
Accepted nutritional guidelines hold that RRR-alpha-to-
copherol 1s 1.36 times more biologically active than all-rac-
alpha-tocopherol. Recent studies have indicated that the
biological activity of RRR-alpha-tocopherol may actually be
even higher, perhaps about 2 times the activity of all-rac-
alpha-tocopherol. This difference 1n biological activity 1s not
because RRR-alpha-tocopherol 1s intrinsically a better anti-
oxidant than the non-RRR-alpha-tocopherol stereoisomers.
In vitro studies have shown that all stereoisomers of alpha-
tocopherol are equally reactive with oxidative chemicals
such as peroxide. Instead, 1t appears that RRR-alpha-tocoph-
crol 1s more bioavailable than the other stereoisomers.
Compared to the SXX-alpha-tocopherol stereoisomers, the
four RXX-alpha-tocopherol stereoisomers are preferentially
transierred from the liver into very-low-density lipoproteins
(VLDL), and then into plasma and red blood cells. Once 1n
the bloodstream, other organs such as the brain preferen-
tially absorb the RRR-alpha-tocopherol stereoisomer.
Hence, certain metabolic systems of the human body
actively and preferentially absorb RRR-alpha-tocopherol
over the non-RRR-alpha-tocopherol stereoisomers present
in all-rac-alpha-tocopherol.

Although the human body prefers RRR-alpha-tocopherol
over the non-RRR-alpha-tocopherol stereoisomers, the non-
RRR-alpha-tocopherol stereoisomers 1in all-rac-alpha-to-
copherol have typically been considered beneficial. Non-
RRR-alpha-tocopherol stereoisomers have typically been
thought to provide antioxidant capacity and health benefits
which, though less biologically active, are similar to the
benelits provided by the RRR-alpha-tocopherol stereoiso-
mer 1n all-rac-alpha-tocopherol. All-rac-alpha-tocopherol 1s
also less expensive than RRR-alpha-tocopherol. For these
reasons, all-rac-alpha-tocopherol 1s often used as a dietary
supplement, both alone and 1n multivitamins. All-rac-alpha-
tocopherol 1s also used to fortily many processed foods, such
as breakiast cereals. Therefore, people may regularly con-
sume all-rac-alpha-tocopherol, even 1f they do not specifi-
cally choose to take supplemental Vitamin E 1n capsules or
multivitamins. When all-rac-alpha-tocopherol 1s used as a
supplement or fortifier, the dosage 1s typically increased to
compensate for the lower activity of the non-RRR-alpha-
tocopherol stereoisomers.

It 1s known that RRR-alpha-tocopherol 1s more biologi-
cally active than all-rac-RRR-alpha-tocopherol. It 1s also
known that rodent brain exerts additional selectivity for
RRR-alpha-tocopherol as compared to non-RRR-alpha-to-
copherol sterecoisomers. However, 1t has been unclear 1f
bio-selectivity of alpha-tocopherol stereoisomers occurs in
human infant brains.

Carotenoids

Carotenoids are a class of chemicals that are organic

pigments found in plants. Carotenoids are responsible for
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the bright red, yellow, and orange colors in many vegetables
and fruits. Carotenoids absorb light energy and provide
antioxidant properties to plants that produce them and
animals that consume them. Some carotenoids are converted
to Vitamin A, which 1s essential to vision and normal
growth.

All carotenoids are tetraterpenoids, meaning they are
produced from eight 1soprene molecules. All carotenoids
therefore contain 40 carbon atoms. Examples of carotenoids
include o.-carotene, p-carotene, y-carotene, lycopene, lutein,
zeaxanthin, astaxanthin, o-cryptoxanthin, p-cryptoxanthin,
and similar chemicals. Carotenoids contain many conju-
gated double bonds which absorb visible light, which causes
the pigmentation of the carotenoid compounds. These caro-
tenoid pigments are responsible for some of the colors of fall
toliage, once the green chlorophyll (which masks the caro-
tenoid pigments) fades from dying leaves.

Carotenoids appear to decrease the risk of disease in
humans, particularly certain cancers and eye diseases,
through their role as antioxidants. Lutein and zeaxanthin, for
example, are found 1n the retina of the eye, and 1t 1s thought
that these carotenoids may slow the development of age-
related eye diseases. Carotenoids are fat-soluble com-
pounds, with little or no water solubility. To absorb 1mngested
carotenoids, humans and animals should consume the caro-
tenoid-contaiming food or vitamin supplement with a meal
containing fat.

Accumulation of RRR-Alpha-Tocopherol in Occipital Cor-
tex

The inventors have unexpectedly discovered that RRR-
alpha-tocopherol 1s preferentially accumulated 1n the brain
of infants, and specifically in the occipital cortex of infants.
This area of the brain 1s the area of the brain important for
processing visual information. The preferential accumula-
tion of RRR-alpha-tocopherol 1n the occipital cortex 1s
thought to be important to the development of visual pro-
cessing, visual acuity, or both in an infant. The preferential
accumulation of RRR-alpha-tocopherol 1n the occipital cor-
tex 1s also thought to be important to supporting visual
processing, visual acuity, or both 1n an infant.

The mmventors have also unexpectedly discovered that
carotenoids selectively reduce the accumulation of non-
RRR-alpha-tocopherol 1n the occipital cortex of infants’
brains, but not 1n other areas of the brain, such as the frontal
cortex or hippocampus.

By administering a nutritional composition comprising
RRR-alpha-tocopherol (instead of all-rac-alpha-tocopherol)
and a carotenoid, the concentration of RRR-alpha-tocoph-
erol 1n the occipital cortex of the mfant’s developing brain
1s enhanced and the concentration of non-RRR-alpha-to-
copherol 1s reduced. By enhancing the concentration of
RRR-alpha-tocopherol and reducing the concentration of
non-RRR-alpha-tocopherol 1n the occipital cortex of an
infant’s brain, 1t 1s thought that the visual processing, visual
acuity, or both in the infant can be improved. By enhancing
the concentration ol RRR-alpha-tocopherol in the occipital
cortex of an mfant’s brain, it 1s thought that the development
ol visual processing, visual acuity, or both 1s enhanced 1n an
infant. In other words, the increase 1n concentration of the
RRR-alpha-tocopherol in the occipital cortex results 1n
improved development of visual processing, visual acuity, or
both 1n the infant.

The bioavailability and absorption of RRR-alpha-tocoph-
erol that has been added to the present nutritional compo-
sitions may be determined by extracting alpha-tocopherol
from tissue samples (e.g., brain tissue samples) and analyz-
ing the extract by high-performance liquid chromatography
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(HPLC). The extracts may be analyzed using an HPLC
analysis method that 1s able to separate and quantify the
individual stereoisomers of alpha-tocopherol.

The concentration of various carotenoid compounds (e.g.,
B-carotene, lycopene, lutein, zeaxanthin, etc.) in tissue
samples may also be determined by extracting the carote-
no1d(s) from the tissue samples and analyzing the extracts by
HPLC.

Product Form

In some embodiments, the nutritional compositions of the
present disclosure comprise RRR-alpha-tocopherol and a
carotenoid. In some embodiments, the nutritional composi-
tions of the present disclosure comprise RRR-alpha-tocoph-
erol. Non-limiting examples of nutritional compositions of
the present disclosure include nutritional compositions
intended for oral consumption. In some embodiments, suit-
able forms for the nutritional compositions may include
nutritional food or beverage products, such as milk- or
soy-based beverages, mix-in powders for beverages, infant
cereal products, etc. In some embodiments, the nutritional
compositions of the present disclosure are infant nutritional
formulas. In some embodiments, suitable forms for the
nutritional compositions may include medicine-like forms,
such as tablets, capsules, chewable soft gels, syrups, and
elixirs.

The nutritional compositions according to the present
disclosure may include RRR-alpha-tocopherol in any
amount that 1s suflicient for the intended purpose. In some
embodiments, the amount of RRR-alpha-tocopherol sup-
plied by the nutritional composition 1s from about 0.5 mg to
about 100 mg of RRR-alpha-tocopherol per day. In other
embodiments, the amount of RRR-alpha-tocopherol sup-
plied by the nutritional composition 1s from about 1 mg to
about 75 mg ol RRR-alpha-tocopherol per day, including
from about 2 mg to about 60 mg, including from about 3 mg
to about 50 mg, including from about 4 mg to about 40 mg,
including from about 5 mg to about 30 mg, including from
about 6 mg to about 25 mg, including from about 7 mg to
about 20 mg, including from about 8 mg to about 15 mg, and
including from about 9 mg to about 10 mg of RRR-alpha-
tocopherol per day.

The nutritional compositions according to the present
disclosure may include at least one carotenoid 1n any amount
that 1s suflicient for the intended purpose. In some embodi-
ments, the carotenoid comprises [3-carotene. A preferred
amount of 3-carotene supplied by the nutritional composi-
tion 1s from about 5 ug to about 160 mg of 3-carotene per
day, including from about 10 ug to about 140 mg, including
from about 20 ug to about 100 mg, including from about 40
ug to about 80 mg, including from about 50 ug to about 60
mg, of [(-carotene per day. In some embodiments, the
carotenoid comprises lycopene. A preferred amount of lyco-
pene supplied by the nutritional composition 1s from about
1.4 ng to about 180 mg of lycopene per day, including from
about 4 ug to about 120 mg, including from about 6 ug to
about 80 mg, including from about 10 ug to about 60 mg,
including from about 20 pg to about 40 mg, of lycopene per
day. In some embodiments, the carotenoid comprises lutein.
A preferred amount of lutein supplied by the nutritional
composition 1s from about 1 ug to about 240 mg of lutein per
day, including from about 5 ug to about 200 mg, including
from about 10 ug to about 150 mg, including from about 20
ug to about 100 mg, including from about 50 ug to about 75
mg, of lutein per day. In some embodiments, the carotenoid
comprises zeaxanthin. A preferred amount of zeaxanthin
supplied by the nutritional composition 1s from about 1 g
to about 180 mg of zeaxanthin per day, including from about
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5 ug to about 140 mg, including from about 10 ug to about
100 mg, including from about 20 pug to about 60 mg,
including from about 30 ug to about 50 mg, of zeaxanthin
per day. In some embodiments, the carotenoid comprises
a.-carotene. A preferred amount of oa-carotene supplied by
the nutritional composition 1s from about 1 ug to about 180

mg ol oa-carotene per day, including from about 5 ug to
about 140 mg, including from about 10 ug to about 100 mg,

including from about 20 pg to about 60 mg, including from
about 30 ug to about 50 mg, of a.-carotene per day. In some
embodiments, the carotenoid comprises a-cryptoxanthin. A
preferred amount of a-cryptoxanthin supplied by the nutri-
tional composition 1s from about 0.5 ug to about 90 mg of
a.-cryptoxanthin per day, including from about 1 ug to about
75 mg, including from about 5 ug to about 50 mg, including
from about 10 ug to about 30 mg, including from about 20
ug to about 15 mg, of a-cryptoxanthin per day. In some
embodiments, the carotenoid comprises a mixture of two or
more carotenoids in amounts that are suflicient for the
intended purpose.

Macronutrients

Nutritional compositions according to the present disclo-
sure may comprise one or more macronutrients selected
from the group consisting of fat, protein, carbohydrate, and
mixtures thereof. This 1s particularly true for nutritional
compositions that are in the form of nutritional food or
beverage products. Generally, any source of fat, carbohy-
drate, or protein that 1s suitable for use 1n nutritional food or
beverage products 1s also suitable for use herein, provided
that such macronutrients are also compatible with the essen-
tial elements of the nutritional compositions as defined
herein.

Although total concentrations or amounts of fat, protein,
and carbohydrates may vary depending upon the nutritional
needs of the subject, such concentrations or amounts most
typically fall within one of the following embodied ranges,
inclusive of any other essential fat, protein, and or carbo-
hydrate imngredients as described herein.

Carbohydrate concentrations may typically range from
about 5 wt % to about 70 wt %, including from about 7 wt
% to about 60 wt %, including from about 10 wt % to about
55 wt %, by weight of the nutritional composition. Fat
concentrations most typically range from about 0.5 wt % to
about 35 wt %, including from about 0.75 wt % to about 30
wt %, mcluding from about 1 wt % to about 28 wt %, and
also including from about 2 wt % to about 5 wt %, by weight
of the nutritional composition. Protein concentrations may
range from about 1 wt % to about 85 wt %, from about 5 wt
% to about 50 wt %, from about 7 wt % to about 32 wt %,
or from about 8 wt % to about 30 wt %, by weight of the
nutritional composition. Additional ranges for carbohy-
drates, fats, and proteins, based on percent of calories of the
nutritional composition, are set forth in Table 2.

TABLE 2
Embodiment A Embodiment B Embodiment C
Macronutrient (% Calories) (% Calories) (% Calories)
Carbohydrate 1-98 0-75 30-50
Fat 1-98 20-70 35-40
Protein 1-98 5-85 15-85

Note:
Each numerical value in the table 1s preceded by the term “about.”

Non-limiting examples of suitable fats 1in the nutritional
compositions described herein may be selected from the
group ol coconut oil, fractionated coconut oi1l, soy o1l, corn
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o1l, olive o1l, safflower o1l, high oleic safllower oi1l, medium
chain triglyceride o1l, sunflower o1l, high oleic suntlower oil,
palm and palm kernel oils, palm olein, canola o1l, walnut oil,
flaxseed o1l, marine oils, cottonseed o1l, borage oil, algal
oils, fungal oils, and combinations thereof. It should be
noted that fats and o1l typically contain RRR-alpha-tocoph-
erol naturally. For the purposes of this disclosure, the
RRR-alpha-tocopherol contributed by any fats or oils in the
nutritional compositions described herein should be consid-
ered as part of the RRR-alpha-tocopherol component of the
ATC for the purpose of calculating the RRR-alpha-tocoph-
erol to non-RRR-alpha-tocopherol weight ratio.

Non-limiting examples of suitable carbohydrates or
sources thereof in the nutritional compositions may be
selected from the group of maltodextrin, hydrolyzed or
modified starch or comstarch, glucose polymers, corn syrup,
corn syrup solids, rice-derived carbohydrates, sucrose, glu-
cose, Iructose, lactose, high fructose corn syrup, honey,
sugar alcohols (e.g., maltitol, erythritol, or sorbitol), and
combinations thereof.

Non-limiting examples of suitable protein or sources
thereol 1n the nutritional compositions may be selected from
the group of partially hydrolyzed or non-hydrolyzed proteins
derived from any suitable source, such as milk (e.g., casein
or whey), animal (e.g., meat or fish), cereal (e.g., rice or
wheat), vegetable (e.g., pea, potato, or bean), or combina-
tions thereof. Non-limiting examples of such proteins
include whole cow’s milk, partially or completely defatted
milk, milk protein 1solates, milk protein concentrates,
caseinates, casein protein isolates, whey protein, whey pro-
tein concentrates, soy protein 1solates, soy protein concen-
trates, pea protein 1solates, pea protein concentrates, hydro-
lyzed vyeast, potato, rice, wheat, canola, animal collagen,
gelatin, bovine colostrum, human colostrum, glycomacro-
peptides, mycoproteins, amino acids, and combinations
thereof.

In some embodiments, the nutritional compositions
include a protein component that consists of only intact or
partially hydrolyzed protein; that 1s, the protein component
1s substantially free of any protein that has a degree of
hydrolysis of 25% or more. In this context, the term “par-
tially hydrolyzed protein™ refers to proteins having a degree
of hydrolysis of less than 25%, including less than 20%,
including less than 15%, including less than 10%, and
including proteins having a degree of hydrolysis of less than
5%. The degree of hydrolysis 1s the extent to which peptide
bonds are broken by a hydrolysis chemical reaction. To
quantily the partially hydrolyzed protein component of these
embodiments, the degree of protein hydrolysis 1s determined
by quantifying the amino nitrogen to total nitrogen ratio
(AN/TN) of the protein component of the selected compo-
sition. The amino nitrogen component 1s quantified by USP
titration methods for determining amino nitrogen content,
while the total nitrogen component i1s determined by the
Tecator® Kjeldahl method. These analytical methods are
well known.

Optional Ingredients

The nutritional compositions described herein may fur-
ther comprise other optional ingredients that may modify the
physical, chemical, hedonic, or processing characteristics of
the compositions or serve as additional nutritional compo-
nents. Many such optional ingredients are known or other-
wise suitable for use 1n other nutritional products and may
also be used 1n the compositions described herein, provided
that such optional ingredients are safe and eflective for oral
administration and are compatible with the essential and
other ingredients 1n the selected product form.
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Non-limiting examples of such optional ingredients
include preservatives, antioxidants, emulsifying agents, bui-
fers, additional nutrients as described herein, colorants,
flavors, thickening agents, stabilizers, and so forth.

The compositions may further comprise minerals, non-
limiting examples of which include calcium, phosphorus,
magnesium, 1ron, Zinc, manganese, copper, sodium, potas-
sium, molybdenum, chromium, selenium, chloride, and
combinations thereof.

The compositions may further comprise vitamins or
related nutrients, non-limiting examples of which include
vitamin A, vitamin C, vitamin D, vitamin K, thiamine,
riboflavin, pyrnidoxine, vitamin B12, niacin, folic acid, pan-
tothenic acid, biotin, 1nositol, salts and derivatives thereof,
and combinations thereof.

In some embodiments, the compositions may comprise a
compound selected from the group of choline, arachidonic
acid, eicosapentacnoic acid, docosahexaenoic acid, and
combinations thereof.

The compositions may also include one or more masking
agents to reduce or otherwise obscure bitter flavors and after
taste. Suitable masking agents include natural and artificial
sweeteners, sodium sources such as sodium chloride, and
hydrocolloids, such as guar gum, xanthan gum, carrageenan,
gellan gum, and combinations thereof. The amount of mask-
ing agent in the composition may vary depending upon the
particular masking agent selected, other ingredients in the
nutritional composition, and other product target variables.
Such amounts, however, most typically range from at least
0.1 wt %, including from about 0.15 wt % to about 3.0 wt
%, and also including from about 0.18 wt % to about 2.5 wt
%, by weight of the nutritional composition.

Methods of Use

The methods described herein improve the visual pro-
cessing, visual acuity, or both in healthy infants by admin-
istering nutritional compositions comprising RRR-alpha-
tocopherol and a carotenoid to the infants. The methods
described herein also improve the visual processing, visual
acuity, or both in healthy infants by administering nutritional
compositions comprising RRR-alpha-tocopherol to the
infants. The methods described herein also improve the
development of an infant’s occipital cortex to enhance the
developing visual processing, visual acuity, or both 1n the
infant.

In some embodiments, the nutritional compositions com-
prise RRR-alpha-tocopherol 1n the form of an RRR-alpha-
tocopherol ester. In some embodiments, the nutritional com-
positions comprise a carotenoid selected from a-carotene,
3-carotene, y-carotene, lycopene, lutein, zeaxanthin, astax-
anthin, a-cryptoxanthin, f3-cryptoxanthin, and combinations
thereof.

In some embodiments, the methods improve the visual
processing, visual acuity, or both, of premature infants. In
some embodiments, the methods improve the visual pro-
cessing, visual acuity, or both, of full-term infants. In some
embodiments, the methods improve the visual processing,
visual acuity, or both, of infants who do not have an ocular
disease. In some embodiments, the methods improve the
development of the visual processing, visual acuity, or both,
in premature infants. In some embodiments, the methods
improve the development of the visual processing, visual
acuity, or both, 1n full-term infants. In some embodiments,
the methods improve the development of the visual process-
ing, visual acuity, or both, 1in infants who do not have an
ocular disease.

The following examples 1illustrate specific embodiments
and specific features of the present invention. The examples
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are given solely for the purpose of illustration and are not to
be construed as a limitation of the present disclosure, as
many variations thereof are possible without departing from
the spirit and scope of the disclosure.

EXAMPLES

Example 1

In Example 1, the brain tissues of infants were sampled to
measure the concentration of total alpha-tocopherol and
RRR-alpha-tocopherol.

Subjects were infants (n=25) who died during the first
year of life from either SIDS or other conditions. Brain
tissues (occipital cortex, OC {n=17}; frontal cortex, FC
In-17}; and hippocampus, HPC {n=19}) from the NICHD
Brain and Tissue Bank were processed using standard lipid
extraction procedures and analyzed using chiral reverse
phase HPLC. Data are presented as concentrations (ug/g
tissue) of total alpha-tocopherol or RRR-alpha-tocopherol in
the brain tissue.

FIG. 2 illustrates the total alpha-tocopherol and RRR-
alpha-tocopherol measured in human infant brain tissues.
All samples analyzed contained detectable concentrations of
alpha-tocopherol. Specifically, graph A shows the total
alpha-tocopherol concentrations for tissues from the frontal
cortex (FC), hippocampus (HPC), and occipital cortex (OC).
The mean concentration 1 each region 1s denoted by a
horizontal bar. The data demonstrate that the mean concen-
tration of total alpha-tocopherol was similar 1n the FC (9.71
ug/g), OC (8.74 ug/g), and HPC (11.64 ng/g). No diflerences
were detected among brain regions (“n.s.” means “not
significant.”) These data show that total alpha-tocopherol
concentration was similar in all brain regions analyzed. In
addition, total alpha-tocopherol was analyzed by age (in
days) 1in the frontal cortex (graph B), hippocampus (graph
C), and occipital cortex (graph D). These data reveal that
total alpha-tocopherol concentration increased with age in
human infant brain. RRR-alpha-tocopherol concentrations
were also measured in the frontal cortex (graph E), hip-
pocampus (graph F), and occipital cortex (graph G) of
human infant brain tissues and reported as a function of age.

It was found that RRR-alpha-tocopherol 1s the predomi-
nant stereoisomer 1n all samples and brain regions analyzed,
compared to all non-RRR-alpha-tocopherol stereoisomers
(P<<0.0001). Specifically, the mean concentration of RRR-
alpha-tocopherol was 6.4 ug/g in the FC, 5.7 ug/g 1 the OC,
and 7.6 ug/g 1n the HPC. Furthermore, the ratio of the mean
concentration of RRR-alpha-tocopherol to the mean total
concentration of the non-RRR-alpha-tocopherol stereoiso-
mers was 2.4:1, 2.3:1, and 2.3:1 in the FC, OC, and HPC,
respectively.

Unexpectedly, a strong correlation between age and mean
concentration of both RRR-alpha-tocopherol and total
alpha-tocopherol was observed, but only 1n the occipital
cortex (graphs D and (), while lesser relationships of this
nutrient with development occurred in other brain regions.
This preferential accumulation 1n the occipital cortex, the
region of the brain responsible for visual processing of
information, suggests that RRR-alpha-tocopherol plays an
important role 1 visual processing and acuity.

Example 2

In Example 2, the brain tissues of Example 1 were
analyzed by HPLC to determine the concentration of 3-caro-

tene 1n the OC, FC, and HPC regions. The individual
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samples from each region were stratified according to their
median p-carotene concentration into “p-carotene high™ and

“B-carotene low™ groups. The percentage of the 2S-alpha-

tocopherol (based on total alpha-tocopherol detected) in
cach sample from the OC (graph A), the FC (graph B) and

the HPC (graph C) was plotted for the “high” and “low”
3-carotene groups, as shown in FIG. 3.

For the FC and HPC tissues, the mean 2S-alpha-tocoph-
erol percentages were not significantly diflerent between the
“high” and “low” [3-carotene groups. However, it was sur-
prisingly discovered that, in the OC tissues (graph A), the
mean 2S-alpha-tocopherol percentage was significantly less
in the “high” 3-carotene group when compared to the “low”
3-carotene group (p<<0.05).

These results indicate that infant brains contaiming higher
concentrations ol 3-carotene correlate with reduced levels of
2S5-alpha-tocopherol in the occipital cortex. Conversely,
infant brains contaiming lower concentrations of 3-carotene
correlate with higher levels of 2S-alpha-tocopherol 1n the
occipital cortex. This suggests that increasing the amount of
3-carotene available to an infant during the first years of life
may increase the concentration of 3-carotene 1n the occipital
cortex, reduce the uptake of 2S-alpha-tocopherol, and
enhance the preferential accumulation of RRR-alpha-to-
copherol 1n the occipital cortex. The preferential accumula-
tion of RRR-alpha-tocopherol in the occipital cortex sug-
gests that RRR-alpha-tocopherol plays an important role 1n
visual processing and acuity.

Example 3

In Example 3, the brain tissues of Example 1 were
analyzed by HPLC to determine the concentration of zeax-
anthin 1n the OC, FC, and HPC regions. The individual
samples from each region were stratified according to their
median zeaxanthin concentration into “zeaxanthin high” and
“zeaxanthin low” groups. The percentage ol 25-alpha-to-
copherol (based on total alpha-tocopherol detected) 1n each
sample from the OC (graph A), the FC (graph B) and the
HPC (graph C) was plotted for the *“high” and *“low”
zeaxanthin groups, as shown 1n FIG. 4.

For the FC and HPC tissues, the mean 2S-alpha-tocoph-
erol percentages were not significantly different between the
“high” and “low” zeaxanthin groups. However, 1t was sur-
prisingly discovered that, in the OC tissues (graph A), the
mean 2S-alpha-tocopherol percentage showed a trend of less
in the “high” zeaxanthin group when compared to the “low”
zeaxanthin group (p=0.08).

These results indicate that infant brains contaiming higher
concentrations of zeaxanthin correlate with reduced levels of
2S-alpha-tocopherol in the occipital cortex. Conversely,
infant brains containing lower concentrations of zeaxanthin
correlate with higher levels of 2S-alpha-tocopherol 1n the
occipital cortex. This suggests that increasing the amount of
zeaxanthin available to an infant during the first years of life
may increase the concentration of zeaxanthin in the occipital
cortex, reduce the uptake of 2S-alpha-tocopherol, and
enhance the preferential accumulation of RRR-alpha-to-
copherol 1n the occipital cortex. The preferential accumula-
tion of RRR-alpha-tocopherol in the occipital cortex sug-
gests that RRR-alpha-tocopherol plays an important role 1n
visual processing and acuity.

While the present application has been illustrated by the
description of embodiments thereof, and while the embodi-
ments have been described 1n considerable detail, 1t 1s not
the intention of the applicants to restrict or 1n any way limit
the scope of the appended claims to such detail. Additional
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advantages and modifications will readily appear to those
skilled 1n the art. Therefore, the application, 1n 1ts broader
aspects, 1s not limited to the specific details, the represen-
tative compositions and methods, and 1llustrative examples
shown and described. Accordingly, departures may be made
from such details without departing from the spirit or scope
of the applicant’s general disclosure herein.

What 1s claimed 1s:

1. A method of improving the visual processing of a
healthy infant, the method comprising administering a nutri-
tional composition comprising RRR-alpha-tocopherol and a
carotenoid to the infant.

2. The method of claam 1 wherein the carotenoid 1s
selected from the group consisting of a-carotene, [3-caro-
tene, y-carotene, lycopene, lutein, zeaxanthin, astaxanthin,
a-cryptoxanthin, p-cryptoxanthin, and combinations
thereof.

3. The method of claim 1 wherein the nutritional com-
position delivers about 0.5 mg to about 100 mg RRR-alpha-
tocopherol per day to the infant, and wherein the carotenoid
1s selected from the group consisting of:

a) [-carotene, and the nutritional composition delivers
about 5 ug to about 160 mg [3-carotene per day to the
infant;

b) lycopene, and the nutritional composition delivers
about 1.4 ug to about 180 mg lycopene per day to the
infant;

¢) lutein, and the nutritional composition delivers about 1
ug to about 240 mg lutein per day to the infant;

d) zeaxanthin, and the nutritional composition delivers
about 1 ng to about 180 mg zeaxanthin per day to the
infant;

¢) a-carotene, and the nutritional composition delivers
about 1 ug to about 180 mg o.-carotene per day to the
infant;

) a-cryptoxanthin, and the nutritional composition deliv-
ers about 0.5 ug to about 90 mg a-cryptoxanthin per
day to the infant; and

g) combinations thereof.

4. The method of claim 1 wherein the nutritional com-
position 1s an infant nutritional formula comprising about
2% to about 75% protein, about 1% to about 85% carbo-
hydrate, and about 5% to about 70% fat as percentages of the
total calories.

5. The method of claim 1 wherein the nutritional com-
position 1s a vitamin composition.

6. The method of claim 35 wherein the vitamin composi-
tion 1s 1 a form selected from the group consisting of
tablets, chewable tablets, capsules, powders, aqueous lig-
uids, oil-based liquds, slurries, syrups, elixirs, and combi-
nations thereof.

7. The method of claim 5 wherein the vitamin composi-
tion further comprises at least one of Vitamin A, Vitamin D,
Vitamin K, Coenzyme Q,,, o-linolenic acid, arachidonic
acid, eicosapentaenoic acid, docosahexaenoic acid, and
combinations thereof.

8. The method of claim 1 wherein the infant 1s a premature
infant or wherein the infant does not have ocular disease.

9. A method of improving the visual acuity of a healthy
infant, the method comprising administering a nutritional
composition comprising RRR-alpha-tocopherol and a caro-
tenoid to the infant.

10. The method of claim 9 wherein the nutritional com-
position delivers about 0.5 mg to about 100 mg RRR-alpha-
tocopherol per day to the infant, and wherein the carotenoid
1s selected from the group consisting of:
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a) [B-carotene, and the nutritional composition delivers
about 5 ug to about 160 mg [3-carotene per day to the
infant;

b) lycopene, and the nutritional composition delivers
about 1.4 ug to about 180 mg lycopene per day to the
infant;

¢) lutein, and the nutritional composition delivers about 1
ug to about 240 mg lutein per day to the infant;

d) zeaxanthin, and the nutritional composition delivers
about 1 ng to about 180 mg zeaxanthin per day to the
infant;

¢) a-carotene, and the nutritional composition delivers
about 1 ug to about 180 mg o.-carotene per day to the
infant;

1) a-cryptoxanthin, and the nutritional composition deliv-
ers about 0.5 ug to about 90 mg a-cryptoxanthin per
day to the infant; and

g) combinations thereof.

11. The method of claim 9 wherein the nutritional com-
position 1s an infant nutritional formula comprising about
2% to about 75% protein, about 1% to about 85% carbo-
hydrate, and about 5% to about 70% fat as percentages of the
total calories.

12. The method of claim 9 wherein the nutritional com-
position 1s a vitamin supplement.

13. The method of claim 12 wherein the vitamin supple-
ment 1s 1 a form selected from the group consisting of
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tablets, chewable tablets, capsules, powders, aqueous 1ig-
uids, oil-based liquds, slurries, syrups, elixirs, and combi-
nations thereof.

14. The method of claim 12 wherein the vitamin supple-
ment further comprises at least one of Vitamin A, Vitamin D,
Vitamin K, Coenzyme Q,,, o-linolenic acid, arachidonic
acid, eicosapentaenoic acid, docosahexaenoic acid, and
combinations thereof.

15. The method of claim 9 wherein the nutritional com-
position 1s administered at least once per day.

16. The method of claim 9 wherein the infant 1s a
premature infant.

17. The method of any claim 9 wherein the infant does not
have ocular disease.

18. The method of claim 9 wherein the carotenoid 1s
selected from the group consisting ol a.-carotene, [3-caro-
tene, y-carotene, lycopene, lutein, zeaxanthin, astaxanthin,
a-cryptoxanthin, p-cryptoxanthin, and combinations
thereof.

19. A method of mmproving the development of both
visual processing and visual acuity in an infant, the method
comprising administering a nutritional composition com-
prising RRR-alpha-tocopherol and a carotenoid to the infant,
wherein the carotenoid is selected from the group consisting
of a-carotene, p-carotene, vy-carotene, lycopene, lutein,
zeaxanthin, astaxanthin, o-cryptoxanthin, p-cryptoxanthin,
and combinations thereof.
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